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■ Topology Optimization Technology

− “Waze for the transmission grid”: finds reconfiguration options to route around 
congested/overloaded facilities

■ Reconfiguration Implementation

− Reconfigurations are applied by switching existing circuit breakers (an extremely 
reliable operation) at a very low cost ($10-100/action)

■ Reconfiguration Practice

− Traditionally reconfigurations are found based on staff experience and used on a 
limited, ad hoc basis

■ Reliability Criteria

− Reconfigurations meet operator-specified N-1 and other reliability criteria

■ Applications and Impacts

− Reconfigurations adapt the grid to best address system conditions, providing 
significant resilience, reliability and economic benefits

■ Deployment

− The WATT incentive proposal would help overcome barriers to deployment, as 
would clarifications from FERC on relative priorities 
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Topology optimization software technology (developed with DOE ARPA-E support) 
automatically finds reconfigurations to route flow around congested elements 
(“Waze for the transmission grid”)

Historical Case
(March 10, 2018 20:10 CST,  

38% Wind Penetration) 

With Reconfigurations 
(3 actions, 1 per constraint 

in Historical Case)

“Open/Close         
Circuit Breakers X, 

Y and Z” 

NewGrid Router
Topology 

Optimization 
Software

285 MW of Wind 
Curtailments

Transmission 
Breach/Overload

 No Wind     
Curtailments

 No Breach

Price Scale

$600/MWh

$300/MWh

$100/MWh

< -$10/MWh
$0/MWh

$40/MWh
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With Reconfiguration
No breach, full congestion relief
Over 25% flow reduction
Operating Guide developed, implemented
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SPP Real Time Market, March 10, 2018, 20:10 CST

Price Scale

$600/MWh

$300/MWh

$100/MWh

< -$10/MWh
$0/MWh

$40/MWh

Open one 138 kV line upstream 
of congestion, which routes flow 

to 345 kV system 

Historical Case
Breached constraint
Shadow price: $984/MWh
Third most congested constraint in SPP in 2018*

* SPP State of the Market 2018, Figure 5-5

Found single-action reconfiguration options that fully relieve overloads and 
congestion on a critical, frequent SPP constraint under multiple conditions
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■ Reconfigurations are implemented by switching 

circuit breakers open or close 

− Analogous to temporarily diverting traffic away from congested 

roads to make traffic smoother

■ Feasibility assessment:

− Circuit breakers are capable of high duty cycles & extremely reliable

 Two designs: 2k or 10k switching cycles per maintenance overhaul

 Some breakers are switched very frequently today, e.g., those 

connecting generating units with daily start and stop

 Failure occurs less than once in 20,000 switching cycles*

− Switching infrastructure is already in place:

 Most breakers are controlled remotely over SCADA by the TO 

 Phone call between TO and RTO to coordinate operations 

− Low cost: usually $10-$100 per switching cycle**

Add Waze or 
Google Maps 
screenshot

* For single-pressure SF6 breakers. Based on a CIGRE survey of 281,090 breaker-years with responses from 82 utilities from 26 
countries, source:  A. Janssen, D. Makareinis and C.-E. Sölver, "International surveys on circuit-breaker reliability data for 
substation and system studies," IEEE Transactions on Power Delivery, v. 29, n. 2, April 2014, pp. 808-814

** All-in cost of maintenance overhauls for single-pressure SF6 breakers rated 72.5-362 kV.
Road closure picture from https://www.islandecho.co.uk/plea-motorists-heed-road-closed-signs/

6 minutes faster

Topology optimization is analogous to Waze: “Arrive to destination reliably, with 
minimum delay even when there are events on the road.”

https://www.islandecho.co.uk/plea-motorists-heed-road-closed-signs/
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EMS, OMS, or 
Planning Tools

Transmission 
Operator/ 

Planner

Flow Violation / 
Congestion

Usually Does 
Not Reconfigure

Traditional/Today

 Reconfigurations identified based on staff 
experience

– Time‐consuming process

– Depends on expert operators

 Employed to a limited extent, on an ad-hoc 
basis, mostly for reliability applications

– Example: PJM Switching Solutions*

– Other RTOs have Operating Guides, usually 
not disclosed to market participants

 Transmission grid flexibility underutilized

With Topology Optimization

 Software finds reconfiguration solution 
options

– Fast search time: 10 s – 2 min  

– Enables all operators to optimize the grid

 Enables broad application of 
reconfigurations in different processes

 Take full advantage of grid flexibility

– Achieve better reliability and efficiency

– ERCOT uses to support development of 
Constraint Mitigation Plans**

System 
State

Reconfiguration 
Solution 
Options

NewGrid
Router

EMS, OMS, or 
Planning Tools

Flow Violation / 
Congestion

Selected 
Reconfiguration 
Solution

* See list at https://www.pjm.com/markets-and-operations/etools/oasis/system-information/switching-solutions.aspx.
** See reference [4] in the Appendix. 

https://www.pjm.com/markets-and-operations/etools/oasis/system-information/switching-solutions.aspx


| newgridinc.com7

Topology 
Optimization 

Contingency and 
Connectivity 
Evaluation 

Outputs: 
• Feasible/infeasible 

reconfiguration
• Constraints to 

ensure feasibility of 
the optimization 
outcome

Topology Optimization 
outputs: 
• Reconfiguration 

candidate 
• Dispatch and 

commitment 
• Marginal costs

Optimization Reliability

The reconfigurations are feasible (e.g., do not introduce new problems) under all 
specified contingencies and do not radialize load beyond a user-specified value

NewGrid Router
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Improve Grid 
Resilience 
and 
Reliability

Increase 
Transfer 
Capability

Reduce 
Congestion 
Costs

• Full overload relief with outage 
conditions, extreme weather 
events (MISO, PJM, SPP)*

• Avoid load shedding under critical 
contingencies (ERCOT, SPP)*

• Reduce frequency of intervals with 
constraint violations by 75% (SPP)*

• Large interface constraints: 
+4 to 12% capability (Great Britain)**

• Single-element constraints: average 
flow relief over 20% (SPP, ERCOT)***

Real Time market congestion cost savings:
• $100+ million/year savings (PJM)†

• $18-44 million/year (SPP)††

• £14-40 million/year (Great Britain) **

Day Ahead savings: $145 million/year (PJM)†

GB picture

PJM RT prices w/critical transformer 
overload, 18 July 2013

+ 4 to 12% 
Capability

Adapting the grid configuration to best address system 
conditions provides reliability and economic benefits:

Congestion
Savings:

£14-40 million

* See references [1, 3, 4, 8, 12] in the Appendix.
** See references [5, 6] in the Appendix. 
*** See references [3, 4] in the Appendix.

† See reference [8] in the Appendix.
†† See reference [3] in the Appendix.
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Use Cases

 Adapt to emergency system 
conditions

 Increase grid resilience

 Avoid load shedding

 Enable conflicting outages

 Train new staff

 Increase transfer capability

 Relieve flow violations

 Minimize congestion costs

 Reduce wind curtailments

Business Process

̶ Long-term planning

̶ Seasonal contingency 

planning

̶ Outage scheduling and 

coordination

̶ Day-ahead market 

optimization

̶ Intra-day operations

̶ Real-time market 

optimization

Low-
Hanging 
Fruit

Topology optimization can be used in business processes across all time scales; 
the least-effort, high-value applications are in the months to days ahead
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Topology optimization relies on existing infrastructure to provide significant 
benefits under all system and ambient conditions, complementing other 
Grid-Enhancing Technologies (GETs), such as DLR and FACTS
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Barriers to Adoption

■ Incentives

− TOs do not have incentives to 
operate the grid as efficiently as 
possible

■ Market and regulatory

− Should TO and RTO operators 
implement “no-cost” actions (e.g., 
reconfigurations) prior to 
implementing costly actions (e.g., 
redispatch or unit starts) in all 
decision making processes?

■ Operations processes

− RTOs and TO have staff constraints

− Implementation priority of topology 
optimization and other GETs relative 
to other efforts? and FERC mandates?

Proposed Solutions

■ WATT proposal

− Shared benefits

■ FERC policy statements

− Address market and regulatory 
questions as initial step to facilitate 
GET deployment

− Communicate priorities

■ Staged deployment, beginning 
with pilots

− Simplest high-value applications 
first

o Outage coordination

o Address local reliability constraints

o Regularly binding constraint analysis

o Develop Op. Guides as needed

− Later: include in market clearing
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